The incidence of complications following total hip arthroplasty is low, but due to the frequency of the procedure, they are quite commonly encountered and require appropriate investigation. Complications include aseptic loosening, infection, foreign body granulomatosis (osteolysis), adverse reactions to metal debris, periprosthetic fracture, heterotopic ossification, hardware failure, and a range of soft tissue complications, all of which may result in pain. Relevant imaging findings are illustrated and the role of various imaging modalities is reviewed. A suggested approach for the radiological investigation of each potential complication is outlined, based on our experience at a specialist referral unit.
Total hip arthroplasty (THA) is most frequently performed for advanced osteoarthritis (OA) of the hip, with >1 million estimated procedures undertaken worldwide annually. It provides significant reduction in pain, restoration of function and improvement in quality of life for the vast majority (>89%) of patients [1e3] .
The incidence of complications is low, but due to the frequency of the procedure, they are quite commonly encountered and require appropriate imaging and interpretation. A painful THA may relate to a variety of general complications, however specific complications also exist in relation to the various different commercially available implant types.
The articulation between the femoral and acetabular components (or bearing surfaces) may incorporate ''hard-onhard'' surfaces (eg, metal on metal [MoM], ceramic on ceramic) or ''hard-on-soft'' surfaces (metal or ceramic on polyethylene) [4] . In addition, the stem of the prosthesis may be modular, with modular head-neck or neck-stem junctions, or nonmodular, which is uncommon. The resulting configuration of bearing surfaces and modular junctions can influence specific wear-related complications that may occur [2,5e8] .
Not all complications result in pain however and the aim of this article is to review complications giving rise to a painful THA, along with a suggested approach to imaging and interpretation.
Imaging Modalities
A range of imaging modalities may be used in the investigation of painful THAs, with each modality providing complementary information.
Plain radiographs are readily available, suffer from effectively no metal artifact and are the usual initial investigation of choice for any painful THA. Component positioning is readily assessed on plain radiographs. The vertical and horizontal centres of rotation are important to evaluate; if the component is positioned too high there will be resulting muscle laxity. Conversely, a low placement results in stretch of the muscles and resulting spasm. Femoral stem alignment is also easily assessed; varus positioning of the stem, where the distal stem is directed towards the lateral endosteum, may pose an increased risk for loosening [9] . Periprosthetic fractures, hardware failure, and osseous complications are often visible although may occasionally be radiographically occult. Soft tissue complications are however poorly characterized on plain radiographs.
Computed tomography (CT) provides excellent evaluation of bone texture and morphology whilst providing useful soft tissue information. Hardware is generally well assessed although beam hardening and streak artifacts may obscure the relevant anatomy. In recent years, dual-energy CT (DECT) has been shown to reduce metal artifacts compared with conventional CT imaging and provide superior diagnostic value in implant evaluation with no additional radiation [10e12]. The dose of ionizing radiation is an important consideration with CT and DECT and dose-reducing protocols or software algorithms should be utilised where possible. CT is however often required as a preoperative planning tool for complex revision surgery.
Ultrasound (US) is widely available and has the benefit of dynamic assessment. Its use in evaluation of painful hip replacements is typically aimed at relatively superficial soft tissue assessment including tendons, muscles, soft tissue collections, and the joint capsule.
Nuclear medicine has a complementary role in investigation of suspected infection although in our institution this is less commonly utilised than in the past, with more emphasis now being placed on tissue sampling from the joint in such cases. Single-photon emission computed tomography (SPECT-CT) imaging may also be beneficial in specific complex cases, including chronic fractures and poorly positioned prostheses.
Magnetic resonance imaging (MRI) remains the crosssectional modality of choice for the investigation of a painful THA with its combination of excellent soft tissue contrast resolution as well as its ability to demonstrate marrow oedema. Conventional MRI pulse sequences can be used, however the presence of metal requires careful parameter modification to limit susceptibility artifact. This includes using an increased bandwidth, use of fast spin-echo sequences with long echo train lengths, reducing voxel size, increasing the number of excitations, using inversion recovery fat suppression instead of frequency selective fat saturation and scanning at 1.5-T rather than 3-T [2, 13] . Specialized metal artifact reduction sequences (MARS) have been shown to improve visibility of synovium as well as the bone and soft tissues structures immediately adjacent to a THA, including at 3-T [14, 15] .
Complications

Aseptic Loosening
Noninfective, mechanical, or aseptic loosening is considered one of the most common causes of chronic THA failure and subsequent revision surgery. Up to 60% of revision cases have been attributed to loosening and as such it is an important diagnosis to make correctly [7] .
Loosening is defined as motion of the implant detected by mechanical manipulation during surgery [16] . Mechanical stress and movement can promote migration of synoviocytes into the interfaces of the THA with surrounding bone and/or cement. There may be cytokine release from these synoviocytes but also formation of a fibrous or synovial-like membrane, which can precede the onset of loosening [4] . The lysis of periprosthetic bone critically loosens the prosthesis at the metal-bone or cement-bone interface and eventually results in complete loss of implant fixation [8, 17, 18] .
In practice, radiographs play the primary role in the initial evaluation of THAs in the postoperative period and provide baseline imaging for subsequent surveillance. They provide an accessible and inexpensive means of accurate hardware evaluation without being subject to the metal-related artifacts encountered in CT and MRI [6e8,19] .
The criteria for the firm diagnosis of loosening have been defined as the migration of any of the prosthetic components over time, cement mantle fracture, and also osteolysis, which surrounds 50%-100% of the cement mantle [8] .
Recognition of arthroplasty migration and subsidence requires careful assessment of serial radiographs. Early loosening may be more difficult to detect; a periprosthetic 1-2 mm lucent layer, which appears to be new, can be a result of loosening. To help describe the site of involvement, the femoral prosthesis is traditionally divided into zones defined by Gruen and the acetabular component into zones according to DeLee and Charnley ( Figure 1 ).
For noncemented acetabular components, migration or lucency that appears to be new or is seen to progress over a 2-year period, or found to be >2 mm has been shown to be 95% sensitive and 100% specific for loosening ( Figure 2A ) [7] . For noncemented femoral components, subsidence (a change in the distance from the greater trochanter to the lateral shoulder of the femoral component) is suggestive of loosening if >2 mm, as is endosteal scalloping or migration of the prosthesis [4, 6] .
For cemented THAs, the correlation between radiographic lucency and mechanical loosening appears to be more reliably related to its extent and location. Periprosthetic lucency confined to acetabular zone I is associated with only a 7% chance of finding mechanical loosening at surgery, while this risk rises to 94% if lucency is seen to extend across all 3 zones around the acetabular component ( Figure 2B ). An alteration in acetabular inclination of >4 or movement of >4 mm have also been shown to be signs of loosening. In a long-term follow-up study at 16-25 years postoperatively, radiographic loosening of the acetabular component was well tolerated but loosening of the femoral component was significantly associated with pain [20] . For cemented femoral stems, lucency along the distal portion of the femoral shaft (Gruen Zone 3 and 5) is most significant for early loosening [6, 7, 18] . Direct arthrography with instillation of radioopaque contrast material into the hip joint is not routinely performed in our institution in the detection of loosening, however may occasionally be useful in detection of mild loosening not shown on radiographs.
Cross-sectional imaging such as CT and MRI and functional imaging such as SPECT-CT are now increasingly being used to supplement radiographic elevation. This is especially important in difficult or problematic cases where clinical suspicion of loosening is high despite normal or equivocal radiographic evaluation or when serial radiographs are not available. The historical limitations of metal-related artifacts faced by both CT and MRI are now increasingly being overcome, notably with the increasing use of DECT [10e12, 18] .
Each modality has its own advantages in supplementing radiographic assessment, depending on the clinical situation. CT is faster and preferable in claustrophobic patients. It is superior for assessing osseous structures, periprosthetic bone stock, cemented components, and the extent of osteolysis [2] . MRI is superior for assessing soft tissue complications. However component loosening may also be visible, as bone resorption circumferentially about the prosthesis [2, 21, 22] . SPECT-CT combines the demonstration of metabolic activity of the surrounding bone together with the high anatomical detail afforded by CT [23] .
Of the 3 modalities, CT is probably more frequently used to obtain additional information on the nature of the boneimplant interface, when loosening is a concern and radiographic findings are equivocal. The same radiographic criteria, as described previously, are applied but the availability of 3-dimensional reformatting can help to confirm findings and accurately quantify osteolysis [2] . It is particularly useful to assess the acetabular component, where greater artifact is seen on MRI and radiographic assessment can be limited by multiple overlapping opacities [24] .
More recently, the application of MRI to differentiate complete osseous integration versus implant loosening has been advocated [22] . Loosening is suggested when an irregular 2 mm thick fibrous layer is seen around an implant, indicating circumferential bone resorption [22] .
SPECT-CT imaging remains a problem-solving tool when loosening is suspected but not confirmed on the above conventional imaging, in especially difficult cases, such as a persistently poorly positioned implant or in the presence of chronic fractures [19] . It is useful to confirm the suspicion of loosening or equally, if no activity is seen, help to rule it out [19] .
The final aspect in the diagnosis of aseptic loosening is exclusion of infection as the imaging appearances of the two entities overlap [16] .
Instability and Dislocation
Instability leading to dislocation is the second most common cause of revision surgery after loosening. The reported rate of dislocation varies between primary (0.5%-10%) and revised THA (10%-25%) [7, 23] .
A number of risk factors have been identified, including malposition of the components, implant design, the use of a small femoral head, imbalance of soft tissue tension, failure of the abductor mechanism, and the surgical approach and technique used [6, 7] . This determines the rate of dislocation, which is most frequent with a posterior approach (3.2%) [7] .
Soft tissue abnormalities such as abductor muscle avulsion or hemipelvic muscle atrophy can also pose an increased risk. However, the extent of dissection during surgery and poor repair of the capsule and muscle layers after implant placement may be contributory risk factors. These are usually best evaluated with MRI [7, 21, 22] .
Most dislocations occur in the early postoperative period when weight bearing is started and in the direction associated with surgical approach taken, for example a posterior surgical approach usually results in posterior dislocation [7] . Early dislocations are caused by lax surrounding soft tissue and joint pseudocapsule and usually managed nonoperatively [21] .
Subacute dislocation (which occurs between 3 months to 5 years after surgery) is often related to suboptimal positioning of the THA while late onset dislocation (after 5 years) is due to progressive laxity of the pseudocapsule and surrounding tissue and more commonly reported in older women. These are more likely to be treated with revision surgery [7] .
Radiographic evaluation with 2 views is sufficient to diagnose suspected dislocation ( Figure 3 ). Imaging findings that may increase the risk of dislocation include acetabular inclination, version outside optimal parameters (Table 1) or the presence of an overtly high or low centre of rotation of the arthroplasty, which can also usually be assessed with plain radiographs. Occasionally more detailed assessment with multiplanar reconstructed CT images is required, especially if revision surgery is being planned.
Hardware Failure
Component failure, although rare, will depend on the nature of the prosthesis present. Any of the parts may be affected including acetabular components, femoral components, or any supplementary fixators that can fracture and migrate, including pelvic reinforcement rings (Figures 3 and 4) , wires, cages, or screws [6, 7] .
Stress or metal fatigue of the stem can result in its fracture, or the modular segments of the stem can dissociate completely. Alternatively the inner acetabular polyethylene liner can break off and completely dissociate from the outer metal cup.
The higher spatial resolution and minimal metal artifact afforded by radiographs means they are the ideal first choice in diagnosis ( Figure 4 ). CT can also be utilised with reformatted images being particularly useful, but rarely needed. MRI and SPECT imaging play a minimal role [25] .
Fractures
Periprosthetic fractures can occur intraoperatively or postoperatively. In the acute setting, they are more common around the femoral shaft than the acetabular component. Intraoperative fractures are usually located along the anterior Figure 3 . Dislocation: anteroposterior radiograph demonstrating posterosuperior dislocation of the femur immediately following revision total hip arthroplasty, the commonest immediate complication. Note also a displaced reinforcement ring (arrow). shaft of the femur, at the tip of the femoral stem, and are typically undisplaced and often vertically orientated ( Figure 5 ). They are also common along the peritrochanteric region, which may necessitate intraoperative fixation. Despite reattachment after trochanteric disruption, significant functional deficit may ensue, including pain, weakness, limp, bursitis, dislocation, and refracture ( Figure 4) [7, 17, 24] . Acetabular fractures are usually a later complication, typically after severe trauma or in association with severe osteolysis or other pathological processes [17] . Uncemented stems and revision THAs have greater risk of fracture but there are many other risk factors, including the presence of osteoporosis, osteolysis, and loosening as well as trauma [24] . Fracture prevalence has steadily been rising, which may relate to the increased use of THA within an aging population. Rates as high as 18% have been reported and account for 9% of single stage revision surgery [17] .
A Vancouver classification has been developed in an attempt to characterize these fractures, depending on their position, the amount of proximal bone stock involved and stability of the stem [6, 24, 26] .
Radiographs play a vital role in the initial assessment of suspected fractures and can be used to diagnose the majority of simple patterns, particularly around the shaft. They can however have a low sensitivity in subtle cases, especially around the acetabulum or adjacent pelvic bone as well as in some anterior femoral fractures.
Knowledge of the fracture location and relationship to the components is a fundamental part of management and CT imaging plays a role to provide greater information for surgical planning, particularly if a complex fracture pattern is noted. It also has an important role to play in excluding subtle fractures around the acetabular component, which can be a difficult area to accurately assess on plain radiographs ( Figure 6 ).
MRI may be reserved for more indolent cases, especially in the context of poorly mineralized bone, to demonstrate suspected osseous stress reaction, cortical thickening without acute fracture, or subtle, CT occult fractures. MRI may demonstrate localized marrow signal abnormality and periosteal thickening. Subtle fractures may however be difficult to appreciate even on MRI, particularly in sites that are adjacent to the prosthesis and particularly prone to metal susceptibility artifact [2, 21] .
SPECT-CT can be used in selected, complex cases. The CT component provides anatomical information similar to conventional CT imaging. The functional component can help to age any fractures and potentially help to diagnose acute or unstable aspects. In cases of known periprosthetic fractures, SPECT-CT has also been used to identify evidence of adequate healing and in the assessment of delayed union [22] .
Periprosthetic Infection
The risk of infection is reportedly approximately 1% following THA, however this is likely to be an underestimate.
Plain radiographs are initially performed in patients with painful THA, particularly if postoperative infection is a concern. These may be normal in the presence of early infection but often show features of loosening or even bone destruction in late infection. Distinguishing aseptic loosening from infected loosening is not usually possible on a single radiograph and comparison with prior films is vital.
MRI findings may include severe inflammatory soft tissue changes such as synovitis, which may be lamellated in appearance, as well as peripherally enhancing juxta-articular fluid collections, which communicate with the THA (Figure 7) . Bone marrow oedema is sometimes an associated finding although can be difficult to visualize due to metal related artifacts. Late periprosthetic infections may be relatively indolent on MRI without appreciable soft tissue or marrow changes.
Postcontrast imaging can occasionally be beneficial to distinguish a phlegmon from an abscess or to delineate sinus tracts. In our institution, intravenous contrast agents are not typically used for investigation of suspected infected THA. Instead, if clinical features and serum inflammatory markers together with preliminary imaging investigations (radiographs with or without MRI) are suggestive of an infection, imageguided needle aspiration of periprosthetic fluid and synovial biopsy are performed to obtain tissue samples for microbiological culture and leukocyte count evaluation. Aspiration has a higher predictive value if used as a confirmatory test rather than as a screening tool and should therefore be reserved in instances of a high suspicion of infection [27] . Diagnostic block with long-acting local anesthesia instillation is also typically performed in such cases following joint aspiration to confirm that the arthroplasty is the source of pain.
Soft Tissue Abnormalities
Abductor tendon defects and associated muscle belly fatty atrophy of the gluteus medius and posterior gluteus minimus muscles are uncommon in asymptomatic individuals and are often associated with lateral hip pain ( Figure 8 ) [28] .
Iliopsoas impingement has a reported prevalence of w4% in patients with a painful THA. Causes of mechanical impingement include a mal-positioned acetabular component (protrusion of the cup >12 mm beyond the anteromedial margin of the acetabulum), an oversized acetabular cup, prominent screw tip positioning, and cement debris located anterior to the cup [29e31]. Iliopsoas tenosynovitis and bursitis may also be present (Figure 9 ). An oversized or lateralized acetabular component resulting in altered horizontal centre of rotation or acetabular osteophytes may predispose to these.
Ischiofemoral impingement may occur following THA if there has been a postoperative reduction in ischiofemoral distance and can manifest as oedema and fatty atrophy involving quadratus femoris ( Figure 10 ). However, the imaging findings in isolation are not specific and correlation with the physical examination findings is required.
US is often used as a first line modality for investigation of suspected tendon or bursal pathology, permitting dynamic assessment. US-guided injections may be diagnostically useful and can provide short-term symptom relief; these are commonly used in our practice to identify patients who may benefit from surgery, including tendon release. 
Heterotopic Ossification
Heterotopic ossification following THA is commonly seen on postoperative plain films (15%-20%) and is usually asymptomatic [7] . Uncommonly (1%-5%), larger foci of ossification, typically appearing at 1 month and maturing over a period of 3-6 months, may result in impingement of the adjacent soft tissues including the iliopsoas and gluteal tendons ( Figure 11 ). This is more commonly encountered in revision surgery, infection, posttraumatic arthritis, and ankylosing spondylitis. In such cases, CT may provide useful anatomical localization and may more accurately characterize the extent of ossification.
MRI is particularly beneficial to assess the degree of soft tissue impingement and is usually performed if surgical resection is being planned. Relatively immature deposits of ossification demonstrate variable signal characteristics often with associated inflammatory soft tissue signal changes. More mature ossific deposits typically demonstrate internal architecture resembling fatty marrow.
Neurovascular Damage
Approximately 1%-2% of THA can have an associated nerve injury. This may occur intraoperatively, in the early postoperative period or as a late complication and a variety of causes have been identified. Intraoperative direct transection is a rare but serious complication and may be related to operative techniques, surgical approach, or malposition of hardware. In the early postoperative setting, causes include transient ischemia from vascular injury or compression effect from hematomas, soft tissue oedema, or enlarged reactive bursae; these are usually self-limiting if prompt and appropriate, usually nonoperative, management is initiated [22, 32] .
More delayed neurovascular injury can be related to cement extrusion, scar formation, migration of hardware, or an inflammatory synovial collection in the setting of particle reaction [21, 22] .
The most common nerves affected are the femoral and sciatic, including the peroneal division of the sciatic nerve. Rarely other nerves can be involved, including the superior gluteal, lateral femoral cutaneous, and obturator nerves [2, 17] .
Radiographs can usually identify the presence of any hardware failure or component migration.
If vascular injury is suspected Doppler US can be undertaken but this is operator dependent and may have limited sensitivity for deep compartment vessels. Therefore postcontrast angiographic phase CT is usually indicated in the acute postoperative setting, especially to delineate any deep pelvic vessel injury [17] .
Although CT can assess any postoperative soft tissue mass such as hematoma, MRI is regarded as the gold standard in depicting soft tissue complications especially nerve injury. The superior soft tissue contrast of MRI allows visualization of subtle deformity, thickening or loss of normal signal of abnormal nerves, evaluation of any secondary muscle signal changes, and confirmation of periprosthetic neuroma formation [2, 21] .
Particle Disease and Osteolysis
Particle disease refers to the body's response to foreign particles that are shed as a consequence of wear and can result in a macrophage-mediated granulomatous reaction. Particle wear may arise from polyethylene, cement, or metal.
Wear of the polyethylene liner within the acetabular component is a well recognized complication of stress present on the weight-bearing portion of the prosthetic joint and can eventually lead to component failure. The subsequent production of particles from the liner can also trigger osteolysis, accelerated loosening, and significant synovitis. The incidence is lower with more modern polyethylene implants, which are less prone to wear [16, 21, 25] .
Wear results in thinning of the liner and subsequent eccentric position of the femoral head on serial radiographs (Figure 12 ). Secondary signs of thinning and wear of the polyethylene liner are better detected with CT and MRI and more recently the utility of SPECT-CT imaging has also been described [22] .
MRI in particular has been shown to be useful in assessing the intracapsular presence of polyethylene wear-induced synovitis and even osteolysis (21) . Although specificity is broadly comparable, the sensitivity of MRI in detecting polyethylene wear-induced osteolysis has been reported to be higher (95%) than CT and radiographs (75% and 52%, respectively) [16, 21] .
The shedding of multiple metallic particles into the periprosthetic soft tissues (bead shedding) can be detected radiographically and is indicative of foreign body granulomatous reaction (Figure 13 ).
Adverse Reactions to Metal Debris
Adverse reactions to metal debris (ARMD) is an umbrella term used to encompass the variety of clinical presentations and indeed histological appearances of reactions to MoM bearing surfaces. Such prostheses are associated with unique potential adverse features, believed to relate to hypersensitivity to metallic debris, in addition to the more general complications encountered with other prostheses. ARMD may occasionally be seen in non-MoM bearing surfaces, including metal on polyethylene and metal on ceramic, due to the release of cobalt-alloy debris from the head-neck junction (the ''trunnion'') or the neck-stem junction of modular systems [8, 33, 34] .
Severe adverse local reactions are rare but when they occur they typically become evident soon after surgery.
Pseudotumour of the hip refers to a nonneoplastic, noninfected, solid, or cystic mass around the site of THA, which may be associated with soft tissue necrosis. The histological appearances of hypersensitivity to metal wear particles have been previously described as aseptic lymphocyte-dominated vasculitis associated lesions (ALVAL). These lesions are reportedly commoner in women with a prevalence of up to 71% depending on the patient population and specific implant type.
Assessment of serum cobalt and chromium ions is usually performed in the initial clinical work up of patients with painful MoM bearing surfaces. A cutoff value of 4.97 parts per billion for cobalt or chromium in whole blood samples has a reported 63% sensitivity and 86% specificity for predicting a hypersensitivity reaction or clinical failure of the prosthesis and can therefore be a useful adjunct to imaging in some patients [35] .
The absence of elevated serum ion levels of cobalt and chromium does not of course exclude ARMD and imaging is integral to the investigation of the painful MoM THA. Perhaps surprisingly, symptoms do not appear to correlate well with the presence or size of pseudotumours, which are often seen in well-functioning prostheses [36] . Instead the presence of associated marrow oedema and tendon tears appear to correlate much more closely with postoperative pain (Figure 8 ) [37] .
Various classification systems for pseudotumours have been described. Classification may be used to distinguish simple (type 1) and complex (type 2) fluid collections from those which appear solid (type 3) [36] . Type 1 lesions are flat and have a thin wall (<2 mm), appearing of low signal intensity on T1 weighted and high signal intensity on T2 weighted imaging. Type 2a lesions demonstrate a thicker wall while type 2b lesions in addition demonstrate high signal on T1 weighted imaging ( Figure 14A ). Type 3 lesions are solid throughout and may be of any shape (Figure 15 ).
Osteolysis is reportedly found in up to 24% of painful MoM arthroplasties and, although often visible on MRI, may be more readily demonstrated with CT ( Figure 14 , B and C).
Metallosis without a pattern of adverse reaction gives rise to low signal intensity debris within the synovium and may result in intraosseous or soft tissue low signal intensity deposits ( Figure 16 ) [16] .
Plain radiographs are the primary modality used for investigation of the painful MoM THA enabling evaluation of hardware integrity, alignment and positioning (Table 1) . Acetabular cup position is best assessed on AP and crosstable lateral radiographs and should be within a ''safe zone'' of 40 AE 10 for acetabular inclination (Figure 17 ) and approximately 15 AE 10 for anteversion [38] . Beyond this zone of safety, abnormal loading across the bearing surfaces, also termed ''edge loading,'' may result in increased mechanical wear of the prosthesis [8, 39] . Plain films may less commonly demonstrate a radio-dense effusion suggestive of metallosis or a periprosthetic soft tissue mass indicative of ARMD ( Figure 17 ).
US may be useful in excluding pseudotumour formation in asymptomatic subjects, with variable reported sensitivity and specificity, up to 100% and 96% respectively [40] . In the context of the painful MoM THA, however, MRI, optimized for metal artifact reduction, appears to be the most sensitive and specific modality and in addition has the ability to demonstrate the majority of adverse features including osseous abnormalities that would usually be overlooked on US. In our centre, plain radiographs and MRI together form the initial imaging work up of the painful MoM THA.
Summary
A wide range of complications may be encountered following THA, many of which may contribute to a painful hip in the postoperative period. Immediate complications are frequently related to hardware malalignment and dislocation. Soft tissue impingement is an important cause of pain in early to mid-term. Many long-term failures arise due to osteolysis, caused by granulomatous reaction to particle wear debris, or as a result of infection. Plain radiographs will often identify the cause of a painful THA and comparison with prior films is vital in identifying subtle changes in component position or new areas of lucency. US is used as a first line modality in our centre for investigation of soft tissue impingement symptoms. Cross sectional imaging is prone to fewer metal-related artifacts in recent years and we frequently use MRI to investigate unexplained hip pain, ensuring parameters are optimized for imaging of metalwork with CT being reserved for selected cases where high-resolution 3-dimensional osseous assessment is required. Figure 17 . Acetabular inclination: anteroposterior radiograph of a metal-onmetal bearing arthroplasty. The acetabular inclination is the angle it makes with the transischial line and in this case it is within the safe zone (40 AE 10 ). There is also a radio-dense joint effusion (arrows), which was subsequently shown on magnetic resonance imaging to be small pseudotumour.
